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&	 Swift,	 1997;	 Tilman,	 Cassman,	Matson,	 Naylor,	 &	 Polasky,	 2002;	
Butchart	 et	 al.,	 2010),	 and	 in	 the	 process	 modified	 or	 threatened	
key	ecosystem	services	(MA	2005).	The	impacts	of	 land	use	change,	
including	 agricultural	 expansion,	 are	well	 documented;	with	 the	 di-
versity	 and	 abundance	 of	 species	 associated	with	 agricultural	 land-
scapes	 undergoing	 significant	 declines	 globally	 (Fischer	 et	al.,	 2014;	
Krebs,	Wilson,	Bradbury,	&	Siriwardena,	1999;	Murphy,	2003;	Norris,	
2008).	Furthermore,	the	relationships	between	loss	of	biodiversity	and	
decline	 in	 ecosystem	 functions	 are	 increasingly	 clear	 (Hooper	 et	al.,	
2012;	Sekercioglu,	Daily,	&	Ehrlich,	2004).	It	is	unrealistic,	however,	to	
expect	a	significant	reduction	in	the	scale	of	agricultural	lands	or	in	the	




mass	 production	 and	 biodiversity	 conservation	 within	 and	 around	
agricultural	 lands	become	a	global	 issue	(Phalan,	Balmford,	Green,	&	
Scharlemann,	 2011a).	 However,	 spatial	 and	 temporal	 heterogene-
ity	suggests	it	is	essential	to	consider	how	region-	and	scale-	specific	
rates	 of	 agriculture	 expansion	 and	 intensification	 affect	 associated	
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(e.g.,	 Cox	 et	al.,	 2014;	 Fletcher	 &	 Koford,	 2002;	 Helzer	 &	 Jelinski,	
1999;	Herkert,	2009),	wildlife-	friendly	farming	at	local	scales	embed-
ded	 in	 high-	intensity,	 extensive	 landscapes	 (e.g.,	 Beecher,	 Johnson,	
Brandle,	Case,	&	Young,	 2002;	Hole	 et	al.,	 2005;	Quinn,	Brandle,	&	
Johnson,	 2012;	 Schulte,	MacDonald,	Niemi,	 &	Helmers,	 2016),	 and	





















we	 evaluated	 the	 relative	 impact	 of	 agriculture	 intensification	 and	
expansion,	specifically	biomass	produced,	amount	of	chemicals	used,	












already	 radically	 changed	by	1900s	 (Figure	1,	 Ellis,	Klein	Goldewijk,	
Siebert,	 Lightman,	&	Ramankutty,	 2010)	 having	 shifted	 from	prairie	
and	savanna	wildlands	to	rangeland	and	cropland	anthromes	by	the	
1900s.	 Today,	 this	 region	 represents	 one	 of	 the	 most	 agricultural	
productive	regions	of	the	world	with	many	counties	producing	high	














harvested	defined	as	 “Chemical	Use.”	Data	 for	 calculating	 these	mea-
sures	were	obtained	from	the	U.S.	Department	of	Agriculture’s	National	
Agricultural	Statistical	Service	(USDA-NASS),	Economic	Research	Service	












species	 (Rittenhouse	 et	al.,	 2012)	 within	 the	 1,200-	km	 study	 area	
(Figure	1).
Each	BBS	route	is	approximately	39.2	km	(24.5	miles)	long.	Routes	











We	 assumed	 that	 bird	 counts	 are	 randomly	 distributed	 accord-




fixed	 and	 random	 effects	 (Bolker	 et	al.,	 2009).	 The	 general	 Poisson	
model	was	specified	as
where λ(s)	 is	 the	 bird	 count	 for	 observation	 s,	 η(s)	 is	 a	 random	
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combinations	 of	 year,	 area,	 biomass,	 chemical	 use,	 and	 observer	
experience	 (year	 the	 observer	 first	 observed).	 The	 βj	 are	 the	 esti-
mated	fixed	effects	representing	changes	in	expected	abundance	(on	








field-	based	 research	 in	 the	 region	 suggested	 they	might	 be	 respon-
sive	 to	 agricultural	 expansion	 or	 intensification	 (e.g.,	 Beecher	 et	al.,	
2002;	Best,	Freemark,	Dinsmore,	&	Camp,	1995;	Fletcher	&	Koford,	
2002;	 Helzer	 &	 Jelinski,	 1999;	 Quinn,	 Johnson,	 &	 Brandle,	 2014;	










zero.	Analyses	were	 run	 in	program	R	v.	3.1.0	 (R	Development	Core	
Team	2014)	using	the	lme4	(Bates,	Maechler,	Bolker,	&	Walker,	2013)	
and	AICcmodavg	 (Mazerolle,	 2011)	 packages	 and	 following	Johnson	
(2014).
3  | RESULTS
The	 ratio	of	 total	 area	planted,	biomass	yield,	 and	chemical	use	has	
increased	by	approximately	40	(0.51–0.71),	100	(5.3–11.1),	and	500	
(4.2–21.8)	 percent,	 respectively,	 within	 the	 counties	 of	 the	 41st	
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between	the	independent	variables	(area,	biomass,	and	chemical	use)	
and	 the	mean	of	 the	species	abundance	distribution.	Models	 for	32	
of	55	 species	 resulted	 in	 coefficient	estimates	 significantly	different	
from	 zero,	 as	 measured	 by	 95%	 confidence	 intervals	 not	 overlap-
ping	 zero.	 For	 five	 of	 13	 grassland	 species	 (Table	1,	 Figure	3a)	 and	
five	resident	or	migratory	nongrassland	species	(Table	1,	Figure	3b,c),	
expected	abundance	was	 lower	when	more	area	was	planted;	how-







greater	 biomass	 production	 (Table	1,	 Figure	4b),	 including	 the	 Red-	
headed	 Woodpecker.	 Of	 the	 migratory	 species,	 only	 the	 Western	











Understanding	 variation	 in	 species	 populations	 over	 space	 and	
time,	 in	 particular	 declines	 in	 abundance,	 is	 essential	 for	 species	
conservation	 (Rosenzweig,	 1995).	 Here	 we	 have	 assessed	 the	
combined	 impacts	 of	 agricultural	 expansion	 and	 intensification	
on	species	abundance	at	a	regional	scale	over	a	40-	year	time	pe-
riod.	The	results	demonstrate	a	clear	response	of	birds	to	regional	
agricultural	 patterns	 of	 change.	 Specifically,	 in	 the	western	Corn	
Belt	and	eastern	Great	Plains,	there	is	a	negative	response	among	
grassland	 bird	 abundance	 to	 agricultural	 expansion	 (five	 of	 13	
with	clear	negative,	10	of	13	with	a	negative	parameter	estimate,	
Table	1),	 adding	 support	 to	 past	 evidence	 that	 grassland	 species	
are	 impacted	by	conversion	of	 land	throughout	the	region.	 In	ad-
dition,	and	unique	to	these	analyses,	there	is	also	significant	nega-
tive	response	to	intensification.	Chemical	use	was	associated	with	
a	decline	of	 five	of	13	 species	 (10	of	13	with	 a	negative	param-
eter	estimate,	Table	1).	This	suggests	that	loss	of	grassland	birds	in	
the	Midwestern	United	States	is	driven	by	more	than	habitat	loss,	
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more	 recent	work	 (e.g.,	Askins	et	al.,	 2007;	Jorgensen,	Powell,	 Lusk,	
Bishop,	&	Fontaine,	2014;	Rittenhouse	et	al.,	2012),	and	to	intensifi-
cation,	 in	particular	 chemical	 use.	However,	 current	 conservation	 in	
the	region	emphasizes	almost	exclusively	habitat	protection	and	resto-
ration.	In	particular,	grassland	bird	conservation	efforts	typically	focus	
on	maximizing	 conservation	 benefits	 of	 local	 remnant	 and	 restored	




for	 intensive	production	and	 leaves	 remaining	 lands	 for	biodiversity	













cropland)	 reduces	 abundance	 within	 remaining	 grassland	 patches.	
For	 example,	 grassland	 species	may	 be	 absent	 in	 nonfarmed	 grass-
land	patches	that	are	below	a	minimum	size	(Helzer	&	Jelinski,	1999;	







































impacts	 of	 year-	round	 exposure	 to	 intensification	 for	 those	 species	
foraging	and	nesting	in	the	matrix	of	highly	productive	farmland.
By	 considering	 multiple	 measures	 of	 intensification	 and	 expan-
sion,	we	have	been	able	 to	perform	a	more	comprehensive	analysis	
of	 the	 relationship	between	biodiversity	and	agricultural	production	






















which	 eschew	 chemical	 use,	 than	 in	 nonorganic	 farms.	 In	 addition,	
many	species	for	which	no	response	was	observed	have	been	shown	
to	 respond	 to	 local-	scale	 measures	 of	 agricultural	 change	 (e.g.,	 the	
Eastern	Kingbird)	after	extensive	conversion	to	cropland	(Quinn	et	al.,	
2014).	However,	the	grain	of	regional-	scale	datasets	may	average	over	
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have	passed	 since	 the	 region’s	most	dramatic	 change	 in	 land	 cover	




by	high-	intensity	agriculture	 that	has	been	 in	place	 for	a	prolonged	
period	of	time,	conservation	practice	should	consider	 the	particular	
species	 in	 evaluating	 the	 costs	 and	benefits	of	 restoration	and	 set-	
aside	 lands	 versus	 land-	sharing	 approaches	 that	 integrate	 biomass	
production	and	conservation	in	heterogeneous	mixed	(i.e.,	multipur-
pose)	 landscapes.	 In	 this	 example,	 it	 is	 particularly	 important	 as	 to	
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